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whether the lower axilla was included in the radiotherapy field for the breast irradiation after wide local excision. In addition it may be difficult to accurately extrapolate the results of this study to many of the patients treated in a UK Breast Unit, as many of these patients would not fall within the inclusion criteria for Z0011, especially those who have a mastectomy.
An Open Access Publisher
Patients in our unit who have clinically negative (no palpable axillary lymph nodes) or radiologically negative (ultrasound determined normal morphology or histologically normal following ultrasound guided core biopsy) undergo SLNB as per current United Kingdom guidelines; Association of Breast Surgeons [3] and National Institute for Clinical Excellence [4] .
We wished to identify any factors that could be used to predict which patients with a positive SLNB would benefit from further ALNC, and which patients could avoid undergoing the procedure unnecessarily.
Methods
Using a prospectively maintained database of all the patients who had undergone SLNB between 1st January 2009 and 31st December 2011, we retrospectively analysed the histology (Haematoxylin and Eosin staining) results from Anglia Ice, our Trust's computerised results software. Patients who underwent Neo-adjuvant chemotherapy were excluded from this cohort of patients as during this time period, our unit was reviewing the management pathway of these patients. We compared SLNB results with subsequent results from the patients who underwent an ALNC.
We used SPSS Version 20 for univariate analysis, with chi-squared analysis or Fisher's exact test depending on sample size, and logistic regression to identify whether any multiple factors were significant.
Results
Our Breast Unit performed 457 SLNB over the three years. The mean age of patients was 61.9 years (range 31-89 years). Of these 457 SLNB, 122 (26.7%) were positive for metastatic involvement. As expected, the original tumour histology reflected that of the general population with 76% having invasive ductal carcinoma, the remaining histological breakdown is shown in Table 1 . Table 2 shows further patient and tumour characteristics. Of the patients with a positive SLNB, 68% of patients (n83) had macrometastases (2mm), 29.5% (n36) had micrometastases (0.2-2mm) and 2.5% (n3) had isolated tumour cells (ITC) (0.2mm) [5] . The majority of patients had Grade 2 tumours, 77 patients had Lymphovascular invasion (LVI) (63%). In contrast; of the patients with a negative SLNB, 96 (30%) had LVI in their tumour histology.
Ninety percent (110/122) of patients with a positive SLNB subsequently underwent an ALNC (Figure 1 ), 34% of these had a positive LN found at histological examination of the axillary clearance (n37). Of the 12 patients who did not undergo further axillary surgery, for 5 it was an MDT decision, 4 patients decided that they did not want further axillary surgery, and 1 was treated with radiotherapy to the axilla. For one patient the positive SLN was extra axillary, located in the tail of the breast, with the axillary nodes appearing normal on detailed ultrasound scanning of the axilla. In the last case the patient had an ALNC previously. Figure 2 shows the original size of SLNB metastases in the patients who underwent a further ALNC, with the majority of patients (92%; n=34) with a subsequent positive ALNC, having macrometastases on their original SLNB.
Our yield from ALNC had a mean number of 17 lymph nodes retrieved in positive ALNC (range 1-36) and 13 in negative ALNC (range 2-26).
We also reviewed the patients whose SLNB histology showed extra-nodal spread, one of the exclusion criteria for Z0011. This was identified in 28 patients out of the 83 with macrometastases (33%). Eighteen (64%) of these had positive ALNC. Two patients did not undergo an ALNC.
We further analysed the data to try and identify which patients with a positive SLNB were most likely to have further axillary lymph node disease. Using univariate analysis (Table 3) , lymphovascular invasion (p0.009), Grade 2 (p0.007) and size of between 2 and 5cm (p0.006) were all significant predictors for having a positive ALNC, however age (p0.86), oestrogen receptor status (p0.38) and human epidermal growth factor receptor 2 (Her2) status were not significant (p0.84).
Logistic regression ( 
Discussion
There is no doubt that SLNB should be the primary axillary surgery in breast cancer patients with clinical and radiological node negative axillae, the NSABP B32 trial [6] has confirmed that there is no difference in overall survival and disease free survival between sentinel node negative patients undergoing SLNB compared to those that underwent completion ALNC in their 8 year follow up.
The other question that needs answering is; what should be done with the patient who has micrometastases in their SLNB? There are trials which have tried to address this, the IBCSG 23-01 trial showed no significant difference in recurrence or 5 year disease free survival when patients with one or more SLN with a micrometastasis were randomized to ALNC or not [7] . Similarly, the AATRM study did not show any differences in disease free survival or cancer related deaths when patients with sentinel node micrometastases were randomized to ALNC or clinical follow up [8] .
The St Gallen International Expert Consensus on the Primary Therapy of Early Breast Cancer 2013 also acknowledged that the Z0011 trial has shown that patients undergoing breast conservation therapy and whole breast radiation do not require ALNC for up to two SLN with macrometastases [9] .
As such, the American Society of Clinical Oncology updated its guidelines in March 2014 [10] to recommend that if women are undergoing breast conservation therapy with whole breast irradiation, ALNC was not required for women with up to two positive SLNB. Systematic reviews of current randomised controlled trials and observational studies have shown no inferiority in overall survival and disease free survival [11] in patients undergoing SLNB alone for node positive SLNB, and no inferiority in axillary recurrence rate [12] . The reduction in morbidity for those patients solely undergoing SLNB is significant. The limitations of performing prospective studies and trials to address the node positive SLNB and further management is well documented, with low accrual rates and reduced disease events and deaths affecting sample sizes.
Until there are more prospective randomised trials, retrospective cohort studies such as this study will help fill the gap in providing further strength and assisting multi-disciplinary team (MDT) decisions as to how best manage their patients with a positive SLNB, especially in the case of the patient with a micrometastasis or ITC. A large French [13] multicentre retrospective cohort study with over 8000 patients concluded that there was no difference in overall and disease free survival in patients who had micrometastases and ITC compared to those who had node negative SLNB, however there was an increased frequency of axillary recurrence rate.
Similarly to our findings, although on a slightly smaller scale a Turkish group [14] found that tumour size and lymphovascular invasion were significant primary tumour related prognostic determinants.
Alternatively, there are six nomograms that exist to aid prediction of lymph node involvement -Cambridge, Memorial Sloan-Kettering Cancer Center (MSKCC), Mayo, MDA, Tenon and Stanford [15, 16] . They have been used in different populations and it is still unclear which is the best and would be most suitable to a UK population. The Stanford calculator [17] only uses three variables, lymphovascular invasion, grade and size of tumor, similar to our findings in this cohort of patients. Their accuracy rate was found to be 77%. Unfortunately, both the MSKCC and the Stanford calculators (the only online calculators) have limitations in that their usefulness is limited to patients with micrometastases and isolated tumor cells [18] . Currently these nomograms are not used routinely in many breast units.
Our results add to the existing knowledge on this subject, and show that there are certain factors which should be carefully considered pre-operatively in order to help inform patient and surgeon choice regarding management of the axilla. However it is important to note that these results are dependent on accurate pre-operative axillary staging with ultrasound and ideally hollow needle core biopsy pre-operatively, although even fine needle aspiration (FNA) has been shown to be highly specific and sensitive [19] .
Conclusion
In our series 27% of the SLNBs undertaken were positive for metastatic spread, and of these patients only 34% were found to have further lymph node involvement after ALNC. When considering the whole cohort of patients only 8% had non sentinel node involvement at completion ALNC. Our results show that the majority of our patients having a completion ALNC do not benefit from this additional surgery; because in the majority of cases, the remaining lymph nodes were all free of malignancy. Lymphovascular invasion seems to be an independent predictive factor for positive ALNC, with size of tumour and grade also being significant. However, despite a large total population, the overall group sizes are small, leading to poor statistical results. This is not enough to base a pre-operative decision on, but may allow for selectively choosing cases that may benefit from intra-operative analysis (frozen section/one step nucleic -acid amplification (OSNA)) for those cases which have the predictive factors suspicious for requiring an ALNC, as well as allowing improved patient pre-operative information and increased theatre efficiency. This information can be used, together with emerging guidelines, to assist the MDT and patient, into making the appropriate decision.
